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2 Minute Madness

Motivation

Englacial hydrology plays an important role in routing surface water to the
gl aci er 6s bed aalffdctsitegcaosegasesndyyamics

Goal of research

Can we detect an englacial conduit network within an alpine glacier (Rhone
Glacier, Switzerland).

Are we able to resolve and characterize the system using comprehensive
geophysical data (active seismic & radar) and borehole observations.
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1. Introduction

The aim of this study is to detect and
characterise englacial conduits within a
temperate glacier using geophysical
analysis.

The study is motivated as englacial
hydrology plays an important role in routing
surface water to the
Therefore, englacial hydrology consequently
affects the gl acier 6s[ja
often difficult to observe englacial conduit
conditions on temperate glaciers because of
their short-lived nature.

Geophysical methods can be used to image
and characterize the
system. Active seismic and ground

penetrating radar (GPR) surveys offer
complementary information on the the
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1. Introduction

Elements of the glacier water system. Englacial conduits features are sourced by surface streams
(B) entering englacially from either moulins (D) or crevasses (F). There also exist water filled

~ fractures englacially (F) that can become hydraulically connected and convey water. (White rabbit
" Is approximately 10 m tall for scale) From Cuffey et al (2010).
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2. Survey Site
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A The Rhone Glacier is located in the central Swiss
Alps.

A ltis flowing southwards from 3556 m until 2208 m
' where it meets a proglacial lake.

- A The proglacial lake formed in 2005 and is
expanding. It remains at a constant 2208 m AMSL
as a result of the granite riegel.

A Due to the increased glacial retreat, the proglacial
lake is expanding (Church et al 2018) and
therefore, the lake is a potential candidate for
hydropower generation.
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A Active seismic acquired in September 2012 and August 2017 to image englacial

structure and detect any significant changes between 5 years.
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2. Data Acquisition:
Seismic (Slide 2/2)

Seismic

Acquisition 2012 2017

Parameter

Profile Length 624 m 591 m
: 4 mfromOto192 m

ROt SpatHg 8 m from 192 m to 624 m e

Rece_lver om y O

Spacing

Geophones 30 Hz (Z-Component)

Roll-Up Voo NO

Geometry

Source Type 75 g explosives (RIODIN HE)

Common Mid T om

Point Spacing

60 (with 4 m shot spacing)

30 (with 8 m shot spacing) %

Fold of coverage

Survey Site Location Data Acquisition: Data Acquisition: |1 Data Acquisition:

Seismic GPR Borehole
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2. Data Acquisition:
: GPR

A Grid of GPR profiles over englacial features using PulseEKKO Pro System with 25
MHz antennas acquired in 2018:

5
: 18051

A Antennas were orientated
parallel to the flow in order to
generate stronger and more
coherent bedrock and englacial
reflections.
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2. Data Acquisition:
Borehole

A 6 boreholes were drilled into any potential englacial conduit networks using a hot water
drilling system.

A A GeoVISIONTM Dual-Scan
borehole camera from Allegheny
Instruments was lowered into the

el ' e : :
W@r@ feature to provide direct
Rk observations.
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3. Results

Results: Results:
E29  Seismic Imaging Amplitude Analysis
Easting [m]

“Results:
Borehole
Observations

Results:
GPR Imaging
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2012 Seismic

. Click for seismic
Ima ollale processing details
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Seismic imaging provided a cross-
sectional view into the Rhone glacier.

Highly resolved and strong bedrock
reflection (yellow arrows).

Weak englacial reflection (blue arrows).

Two different imaging algorithms

presented.

A Kirchhoff = summation along diffraction curves. 1 - - -
673000 672850 672700 672550
Easting [m]

Elevation AMSL [m]

A Reverse Time Migration = two way solution to wave
equation




Click for 2012
results

3. Results:
2017 Seismic
Imaging

Click for seismic
processing details

Pre-Migration

A Well correlated bedrock reflection (yellow
arrows) between 2012 and 2017
providing confidence in data quality.

- A Strong englacial reflection (blue arrows)
indicating development of englacial
feature between 2012 and 2017.

A RTM provides improved englacial imaging
and able to interpret englacial reflection
and connect with basement.
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